Purpose: To determine how many patients with abdominal aortic aneurysms (AAA) meet the anatomical selection criteria for AneuRx stent-graft repair in community hospitals of Northern California.
Using traditional open techniques, surgeons have been able to adapt the procedures for repair of abdominal aortic aneurysms (AAA) to essentially every anatomical and morphological aneurysm configuration. However, the limiting factor to open repair is the patient's physiological suitability to survive the procedure with acceptable risks. While major centers report low morbidity and mortality, there still remains a reported mortality of 3% to 10% following open AAA repair. [1] [2] [3] Endovascular AAA repair offers a less invasive treatment to a population of patients at high risk for conventional surgery. While the main limitation to open repair is physiological, endovascular repair is limited typically by anatomy. Selection criteria vary for different devices; in the beginning, patient eligibility rates for the first-generation tube devices were Ͻ15%. 4 The development of the bifurcated endograft has increased the number of patients who are eligible for endovascular repair, but wide differences in patient eligibility rates have been reported, ranging from 27% to 82% in various studies. [5] [6] [7] [8] [9] We have previously reported a 50% eligibility rate among 346 patients evaluated for endovascular repair at a university-based referral center. 10 However, the majority of AAA repairs are performed in community-based practices. The purpose of this study was to determine the number of patients who would meet the manufacturer's recommended anatomical selection criteria for the AneuRx stent-graft among AAA patients considered for endovascular aneurysm repair in community hospitals of Northern California.
METHODS

Study Design
Endovascular aneurysm repair using the AneuRx stent-graft (Medtronic Vascular, Santa Rosa, CA, USA) was introduced to community practices by a company-sponsored physicians' training course, consisting of didactic lectures, imaging study review, and case demonstrations. Following training, physicians participated in an ongoing training and proctoring program that included submitting their imaging studies for review to determine the appropriateness of endovascular repair based solely on aneurysm morphology. Vascular surgeons with expertise in endovascular grafting performed this independent review at Stanford University. Each physician submitted imaging studies until they had implanted 10 AneuRx devices under supervision; they were then released to perform the procedures independently. The imaging studies formed the basis for this analysis of patient eligibility for endovascular repair with the AneuRx device. However, the physicians in training submitted the studies at their own discretion, so it should be noted that selection bias might have existed.
Data Sample
Between January and October 2001, 220 patients (171 men, 49 women) were evaluated to determine whether they met the AneuRx inclusion/exclusion criteria at 28 community hospitals within Northern California. All patients underwent computed tomographic angiography (CTA) at their respective institutions, as well as digital subtraction arteriography (DSA) at the discretion of the physician. Contrast-enhanced CT scans were performed with 3 to 5-mm slices from the celiac artery to the femoral vessels.
Independent vascular surgeons reviewed the CTA and DSA studies and recorded the following measurements: infrarenal neck diameter, infrarenal neck length, AAA diameter, distance from the lowest renal artery to the aortic bifurcation, distal aortic diameter, distance from the lowest renal artery to the hypogastric arteries, and the diameters of the right and left common and external iliac arteries. In addition, the degree of angulation of the proximal neck was determined based on CTA data and/or angiography.
Inclusion/Exclusion Criteria
According to the manufacturer's indications for use, AAAs were eligible for endovascular repair if the diameter was either (1) Ͼ5 cm, (2) twice the diameter of the normal infrarenal aorta, or (3) had increased by Ն0.5 cm in the last 6 months. Anatomical inclusion criteria were an infrarenal neck diameter between 18 ࡗ ࡗ and 26 mm, minimum neck length of 15 mm below the lowest renal artery, and proximal neck angulation Ͻ60Њ. In addition, iliac artery diameters were required to be sufficient for placement of a 21-F sheath for the main device and a 16-F sheath for the contralateral limb. According to the recommendations, physicians were given the option of placing a prosthetic access conduit if the external iliac artery diameters were Ͻ7 mm. Anatomical features were prioritized when determining whether individual cases were suitable for endovascular repair: characteristics of the proximal neck were the top priority, with neck length, neck diameter, and neck tortuosity ranked the most important. Clinical exclusion criteria were in accord with previously published recommendations for the AneuRx device 11 : age Ͻ18 years, pregnancy or lactation, mesenteric ischemia or renal stenosis considered for open repair, connective tissue disease, acute renal failure, active systemic infection, hypercoagulability, traumatic aneurysms, life expectancy Ͻ1 year, impediments to obtaining adequate follow-up, inability to give informed consent, acute rupture or leaking aneurysm, suprarenal or thoracic aneurysms, or morbid obesity limiting x-ray penetration for imaging.
Data Analysis
Assessment of applicability to undergo repair with the AneuRx device was recorded.
Furthermore, age, gender, and aneurysm characteristics, including aneurysm diameter, proximal neck dimensions, and the relationship between these factors were analyzed. Values are reported as the mean Ϯ standard deviation (SD). Data were analyzed and comparisons made using the chi-square test and paired Student t test as appropriate. PϽ0.05 was considered to indicate a significant difference.
RESULTS
The analysis revealed that 122 (55%) of the 220 patients were anatomically suitable candidates for endovascular repair (103 men, 19 women). Of the 98 (45%) patients (68 men, 30 women) judged inappropriate for endografting based on CTA data, 4 patients had poor quality CTAs and 94 patients were excluded for anatomical reasons (Table 1) . Neck characteristics were the primary reasons for exclusion in 73 (74%) patients; 5 (5%) patients were not suitable for endovascular repair because of other anatomical characteristics. Sixteen (16%) patients were excluded owing to adverse iliac artery characteristics.
The mean nonaneurysmal proximal infrarenal aortic neck length (Table 2) Ten (10%) patients were non-candidates because they had a common iliac aneurysm at or distal to the iliac bifurcation. However, among the 122 candidates, 25 (20%) had a common iliac aneurysm immediately distal from the aortic bifurcation but with a suitable distal iliac neck fixation site (15 mm). The mean common iliac artery diameter for distal fixation was 14.0Ϯ0.4 mm on the right and 13.4Ϯ0.2 mm on the left in candidates compared to 16.7Ϯ0.8 mm on the right (pϽ0.01) and 15.6Ϯ0.6 mm on the left (pϽ0.001) in non-candidates. The proposed iliac limb diameter for the 122 candidates was 15.0Ϯ0.1 mm (range 12-16).
Plaque and/or thrombus in the aortic neck were the primary reasons for exclusion in 7 (7%) non-candidates, while another 6 (6%) patients did not meet the inclusion criteria owing to calcification, tortuosity, small diameter, or stenosis/occlusion of the iliac arteries bilaterally. However, 5 of these latter patients had Ն7-mm external iliac artery diameters, which made it feasible for them to undergo stent-graft deployment through an iliac artery conduit after retroperitoneal exposure. In 3 other candidates, an iliac angioplasty before stent-graft deployment was deemed necessary. In 3 non-candidates, the distal aortic diameter was Ͻ15 mm, which was deemed too narrow to allow 2 limbs of the graft to be placed without external compression. Five (2.3%) patients in the entire cohort had accessory renal arteries, but in 3, an adequate length of infrarenal neck below this vessel allowed stent-graft deployment. The other 2 patients were excluded because of large accessory renal arteries, 1 with a single kidney.
Thirty-eight (31%) candidates and 16 (16%) non-candidates had angiograms as well as CT scans. Angiographic measurements did not alter the CT assessment of candidacy and did not significantly assist in device selection. In the 16 non-candidates who had angiography, only 4 (25%) were necessary to evaluate or confirm (1) a neck length of 15 mm, (2) severe neck angulation, (3) an iliac aneurysm, and (4) a severely stenosed common iliac artery. In the other 12 patients, the CT scan determined ineligibility and the angiogram was unnecessary.
Aneurysm diameter was not related to the eligibility rate for endovascular repair. The The primary technical success rate for endovascular device deployment was 99% (121/ 122). The procedure was terminated in 1 female patient prior to sheath insertion after an angiogram demonstrated Ͻ6-mm-diameter external iliac arteries. These vessels were measured at 6 to 7 mm on the CTA, and the physician confirmed these findings with an angiogram. Bilateral conduits would have been required for an endovascular approach, and the physician elected to perform an elective open procedure at a later date.
DISCUSSION
There is a wide variation in the percentage of AAA patients who can be treated with currently available endovascular prostheses. Moore and Rutherford 4 found that only 13% of patients could be treated with an endovascular tube graft. On the other hand, estimates as high as 80% have been reported by using grafts designed for larger proximal necks or an aortomonoiliac graft combined with a femorofemoral bypass. 7 We reported a 50% eligibility rate based on a 3-year period in which our academic hospital took part in the AneuRx multicenter clinical trial. 10 However, surgical practice in a community setting may be different from tertiary care facilities and centers participating in clinical trials; thus, it is not known whether patient eligibility for endovascular aneurysm repair in community practices will be different from published reports of clinical trials.
In this study, 220 patients from 28 different community hospitals were evaluated for possible endovascular repair with the same commercially available stent-graft. We found that 55% of patients considered for endovascular repair met the anatomical inclusion criteria for the AneuRx stent-graft, no different from our 50% university-based experience with the same device in the same geographic area. 10 The majority of patients who were not anatomical candidates had an unsuitable infrarenal aortic neck. The mean length of the proximal aortic neck in patients selected for treatment was 25 mm, which was similar to the length measurement (22 mm) in patients treated in the multicenter AneuRx trial. 11 This length of the proximal neck should result in excellent proximal fixation and a low incidence of proximal type I endoleaks and migration, assuming the grafts were placed correctly just below the renal arteries.
The primary exclusion criterion for endovascular repair in this cohort was an unsuitable infrarenal aortic neck in nearly three quarters of the non-candidates. Prior reports with the AneuRx stent-graft used a minimum proximal aortic neck length of 10 mm with Ͻ60Њ angulation as the anatomical selection criteria, 10, 11 which were the parameters used in the clinical trials. Currently, the manufacturer recommends a 15-mm aortic neck length and Ͻ45Њ angulation, which were the guidelines for this group of patients. In those patients excluded because of an inadequate neck, the length of the proximal neck was the most common contraindication (44%), followed by diameter of the proximal neck (25%), which is in accordance with other studies. [11] [12] [13] The use of suprarenal fixation, larger grafts, or fenestrated grafts may soon play a role in their treatment.
Common iliac artery dilatations were frequent; however, the majority of patients had a distal fixation site (Ͼ15 mm) available above the iliac bifurcation. In 10%, the distal common iliac artery was involved bilaterally, and these patients were considered poor endovascular candidates. The preservation of internal iliac artery (IIA) flow may be particularly important in endovascular repair since there is no opportunity to inspect the sigmoid colon or to reimplant the inferior mesenteric artery. Thus, a conservative approach to IIA interruption was followed. Although Marin et al. 14 have shown that IIA interruption often may be used without clinical consequences and can certainly increase the application of endovascular management, Lee et al. 15 demonstrated that a significant number of pa-tients with IIA occlusion suffer from hip and buttock claudication.
Only ϳ2% of the patients in this review had accessory renal arteries. In 2 of the 5 cases, these accessory vessels were large, and the proximal neck was inadequate for stent-graft fixation. Aquino et al. 16 recently reported a 12% incidence of accessory renal arteries in their review of CT and angiographic data; they covered a number of these arteries with endografts and found no significant influence on postoperative outcome.
A small distal aortic bifurcation was the reason for ineligibility in 3 patients. Although this defect can be balloon dilated, it is not without the risk of rupturing the terminal aorta. Furthermore, there is a risk of compressing one limb of a bifurcated device, resulting in limb thrombosis. Thus, patients with a small distal aortic bifurcation can be treated with a stentgraft, but complications may be increased in this subset of patients.
There was a correlation between AAA size and proximal aortic neck diameter and length. In this group of patients, larger aneurysms had a larger neck diameter with a shorter neck length. However, there was no significant difference between candidates and noncandidates. What impact this will have on long-term outcome is unknown.
Suitability of patients for endovascular aneurysm repair was directly influenced by gender. Men were two times more likely to meet the anatomical selection criteria for an endograft than women. Women had a larger proximal neck and smaller external iliac arteries compared to men, a combination that reduced their candidacy for endovascular repair. Furthermore, smaller iliac arteries make stent-graft placement more challenging in those who do quality for endovascular repair. Mathison et al. 17 reported that women had a greater incidence of aborted endovascular repair compared to men, but the results of treatment were equal between gender. Similar to our results were those reported by Velazquez et al. 18 for the Ancure and the Talent grafts; they concluded that the anatomical unsuitability was 63% for women compared to 33% for men because women had a wider, shorter, or more angulated proximal aortic neck.
The 99% technical success rate achieved by participants in this study, which is higher than in other studies with the same endograft, 12, 13 confirms the importance of accurate patient selection for endovascular repair. It may also reflect the experience that has been gained during the last several years with the selection process, as well as the technical skills requisite to placement of endovascular grafts.
In conclusion, 55% of patients in Northern California community hospitals who were considered for endovascular repair using the AneuRx stent-graft met the anatomical selection criteria specified by the manufacturer (15-mm infrarenal aortic neck and Ͻ45Њ angulation). However, adjunctive procedures, such as iliac angioplasty and surgical retroperitoneal approach to iliac vessels, were necessary to achieve this eligibility rate. The primary reasons for unsuitability were adverse proximal neck and iliac artery anatomies. Eligibility was significantly lower in women. The high primary initial success rate in treating patients likely reflects a conservative selection process that is in strict compliance with the indications for use.
